stimulating electrode that was bipolar and coated with Formvar (AM-Systems). Before each experiment, we determined the maximal EPSP amplitude by increasing the stimulation intensity in small increments until the amplitude of the peak of the negative extracellular potential saturated. The opposing effects of the positive population spike recorded in the stratum radiatum at high stimulation intensities were not taken into account. The strength of presynaptic fiber stimulation was then adjusted to evoke EPSPs that were 25% of the maximal amplitude. After recording baseline synaptic responses for 20 to 30 min, we induced LTP using one of four different protocols. Two of these protocols consisted of two trains of 100-Hz stimulation (1.0-s duration) delivered 20 s apart. For weak intensity 100-Hz stimulation, the stimulation intensity was left at that used to evoke baseline synaptic responses. For strong intensity 1 00-Hz stimulation, the 100-Hz trains were delivered at a stimulation intensity sufficient to evoke EPSPs that were 75% of the maximal EPSP amplitude. LTP was also induced by theta-burst stimulation protocols that consisted of bursts of four stimulation pulses at 100 Hz delivered with 200 ms between each burst (that is, at 5 Hz). Weak theta-burst stimulation consisted of 25 bursts given at baseline stimulation intensity, whereas strong thetaburst stimulation consisted of 10 bursts delivered at an intensity sufficient to evoke EPSPs that were 50% of the maximal obtainable EPSP amplitude. As (6) , who used evoked potentials with monkeys. Later, the existence of neurons with tactile receptive fields on the face within the upper head area was established (7, 8) . Our experiment, using an awake (N20-sedated) adult female macaque monkey (Macaca mulatta), was designed to confirm that some neurons in the upper head area have receptive fields on the lower jaw and to measure the distance between the two facial representations (9).
In agreement with earlier work, we found that the medial boundary of the primary face area overlapped that receiving inputs from the thumb (Fig. 1) . Facial fields adjacent to those on the thumb were usually found on the lower jaw or lip (Fig. 2 ), but neurons with receptive fields on the nose and eyebrows were occasionally found next to those on the thumb or fingers (Fig.  2) . Similar relationships were reported by others (7), although Pons et al. imply that only fields on the lower jaw and thumb were adjacent (5, p. 1859) . We found that the medial and posterior boundaries of the upper head area were situated next to the representation of the trunk (Fig. 1) , as suggested by earlier studies (6, 7, 9) . More laterally, trigeminal receptive fields were found next to those on the shoulder or arm (Fig. 2) . Our data and those of others (6, 7, 9) show that the neurons in this area receive inputs from only the eyebrows, posterior parts of the face, lower jaw, and lower lip; the central part of the face from the eyes to the upper lip is represented only in the primary face area (Fig. 2C) (3, 5) are next to those with fields on the lower jaw (4) and cheek (6) (1, 7) are next to those on the lower jaw (2, 8) or outer face (6) .
pied by the trunk did not expand ventrally. Our results (Fig. 1) show that the capacity for expansion of the area receiving inputs from the parts of the trunk is limited because no more than 2 mm of cortex receiving inputs from the occiput or upper arm divides the neurons in the upper face and trunk area (13).
The area of primary sensory cortex that receives inputs from the upper limb and cervical roots measured at least 12 mm in the medio-lateral direction. However, our results show that expansion of the facial representation into this area can take place from two fronts that are separated by approximately 5 mm at the closest point (Fig. 1) .
When dorsal roots from C2 to T4 were cut, Bioulac and Lamarre (9) figure 1 of their report, occipital and neck areas are shown, but not an upper face area. In another paper by Pons et al. [J. Comp. Neurol. 241, 445 (1985) ], cranial occipital and neck fields are described adjacent to the trunk, and some of these extend onto the forehead and to the face just in front of the ear. No neurons had fields on the lower jaw. The only "face" area is the traditional one lateral to the hand ( figure 19 of that paper) Brain Res. 84, 342 (1991) ]. Other data had already been gathered from the adult female Macaca mulatta used in this experiment before the sensory cortex was mapped. Two or three times per week, recordings were made with glass-insulated tungsten microelectrodes that were inserted through an implanted recording chamber (22 mm in diameter) with a piezoelectric microdrive. The animal was seated in a primate chair during each recording session, which lasted from 1 to 3 hours, and was sedated with a mixture of N20 (5 liters/min) and 02 (0.5 liters/min). Receptive fields on the skin, lips, and tongue were stimulated by brushing with cotton swabs. The caudal boundary of the primary motor cortex was established by microstimulation (nine pulses, 300 Hz, 0.1-ms duration). Within the motor cortex, descrete twitches could be evoked at currents of s20 p.A. 11. T. Humphrey, J. Comp. Neurol. 97,143 (1952) ; A. Torvik, ibid. 106, 51 (1956) . 12. D. Denny-Brown and N. Yanagisawa, Brain 96, 783 (1973) . 13. Measurements made on figure 2C of Pons et al. (6) suggest that the area receiving inputs from the trunk did expand ventrally after deafferentation because the distance between the dorsal boundary of the leg area and the ventral boundary of the trunk area was about 2 mm greater in the deafferented animal.
14. Only one monkey was used in this experiment. We decided not to kill a second because there was already evidence in the literature that the upper face area existed (6) (7) (8) (4), but if the largest mediolateral spread of thalamocortical axons is 3.5 mm, then 7.0 mm (a 3.5-mm lateromedial and a 3.5-mm mediolateral expansion) would be the maximum expansion that the unmasking hypothesis could explain. The "upper head" area extends only 2.0 mm in the mediolateral dimension, and represents chiefly the occiput region instead of the lower face (3), but let us here assume that it represents the latter. A distance of 12.0 mm between the two head representations, less 2.0 mm for the upper head representation (3), less 7.0 mm for overlap of thalamocortical axons, still leaves 3.0 mm (or 30% of the reorganized cortex) for which the unmasking hypothesis cannot account.
We reported (2) that the deafferented and reorganized region ranged from 10 to 14 mm mediolaterally, depending on the animal studied. Reorganization over 14 mm in the mediolateral dimension, less 2.0 mm for the "upper head" area, less 7 mm for the overlap of thalamocortical axons, leaves 5.0 mm (or 45%, of the reorganized cortex) for which there is no accounting (5) .
Second, Lund et al. found that the "upper" and "lower" head regions were separated by only 5.0 mm in one animal (6) . But in the animals we studied, the distances between the two head representations were a minimum of 8 to 12 mm [a 10-to 14-mm range (2) figure 2A and 2C. Likewise, it does not appear that RFs 11 to 13 on the nose were adjacent to those on the thumb (recording site 5 in their figure 2A) or that receptive fields on fingers other than the thumb adjoin the face based on the data presented in their figure 2. 7. D. P. Ullrich and C. N. Woolsey, Trans. Am. Neurol. Assoc. 79, 23 (1954) .
